MEEs due to the need of employing acetic acid for its processing by electrospraying, 29 SPI and WPC achieved MEEs over 60% for the non-sonicated emulsions. Moreover, 30 the degradation of -linolenic acid at 80ºC was significantly delayed when encapsulated 31 within both matrices. Whilst less than an 8% of its alkene groups were detected after 27 32 hours of thermal treatment for free -linolenic acid, up to 43% and 67% still remained 33 intact within the electrosprayed SPI and WPC capsules, respectively. 
electrospraying process, investigating the effect of protein type and emulsion protocol 23 used (i.e. with or without ultrasound treatment) on colloidal stability. This oil was then 24 substituted by the -3 fatty acid and the emulsions were processed by electrospraying 25 and spray-drying, comparing both techniques. While the latter resulted in massive 26 bioactive degradation, electrospraying proved to be a suitable alternative, achieving 27 microencapsulation efficiencies (MEE) of up to ~70%. Although gelatin yielded low 28
MEEs due to the need of employing acetic acid for its processing by electrospraying, 29 SPI and WPC achieved MEEs over 60% for the non-sonicated emulsions. Moreover, 30 the degradation of -linolenic acid at 80ºC was significantly delayed when encapsulated 31 within both matrices. Whilst less than an 8% of its alkene groups were detected after 27 32
Introduction 42
One of the most promising approaches to preserve hydrophobic bioactive ingredients in 43 food systems is their nano-or microencapsulation within protective matrices (Dube, However, it also represents an additional challenge, given that the use of aqueous media 50 for the dissolution or suspension of the polymers to be used as encapsulating matrices is 51 almost imperative for the production of edible products, in order to avoid toxicity issues 52 However, spray-drying involves the use of a hot gas stream to rapidly dry the fine 62 droplets produced in its initial atomization step, which results detrimental for 63 hydrophobic thermosensitive bioactives such as -3 fatty acids. In contrast, 64
10
In addition, optical microscopy images were taken using a digital microscopy system 177 (Nikon Eclipse 90i) fitted with a 12 V, 100 W halogen lamp and equipped with a digital 178 camera head (Nikon DS-5Mc). Nis Elements software was used for image capturing. 179 180
Stability of the emulsions 181
The stability of the emulsions was assessed following the creaming index method 182 proposed in (Surh, Decker, & McClements, 2006 where H E is the total height of each emulsion in the tube. 188 189
Production of microencapsulation matrices by spray-drying 190
The emulsions were diluted 20-fold in distilled water prior to their processing by spray-191 drying, to avoid too high viscosities which would block the spraying head. The 192 emulsions were subsequently fed to a Nano Spray Dryer B-90 apparatus (Büchi, 193 Switzerland) equipped with a 7.0 µm pore diameter cap. The inlet air temperature was 194 set at 90ºC, as it proved to be enough to achieve complete drying of the particles at an The appearance of the emulsions produced using the first approach (single high-speed 279 homogenization step) was dramatically different for each protein. Gel and WPC led to 280 well dispersed droplets, which were significantly smaller for Gel, while flocculated 281 droplets were observed for SPI emulsions. These differences were also manifested in 282 their rheological behaviour, i.e. while the emulsions prepared using Gel and WPC 283 exhibited quite a Newtonian behaviour in the range of study, the emulsion prepared in 284 16 the single high-speed homogenization step using SPI showed a manifest shear thinning 285 behaviour (cf. Figure S1 
Creaming stability of the emulsions 307
The creaming index of an emulsion after a particular time lapse is an indicative of its 308 stability to gravitational separation. As the density of the oil droplets in an O/W 309 emulsion is lower than that of its aqueous environment, they tend to move upwards 310 unless efficiently stabilized (McClements, 2007) . The creaming index (CI) of the 311 emulsions prepared in this work after 5, 24 and 48 h are summarized in Table 1 , and the 312 appearance of the emulsions with or without a cream layer is shown in Figure S2 of 
316
Five hours after preparation the SPI emulsion prepared through high-speed 317 homogenization (without ultrasound treatment) already experienced creaming, which 318 was not surprising taking into account the presence of big flocs in this sample (cf. 319 
355
From the micrographs it was concluded that gelatin was the only protein which yielded 356
proper microparticulate structures when the first emulsification procedure was used. 357
The structure obtained using SPI showed signs of dripping and wetted particles while Once the feasibility of the emulsion electrospraying technique had been confirmed for 380 the three proteins, the model SBO was substituted by the bioactive -3 fatty acid, ALA. 381
The emulsions were prepared using the second procedure, including the ultrasound 382 treatment, as it proved to be more adequate for the encapsulation of oil droplets in the 383 21 previous section, and they were processed both by electrospraying and spray-drying. 384
Emulsions prepared using Procedure 1 were also electrosprayed for comparison 385 purposes. Figure 4 shows the micrographs of the obtained structures and Figure S3 of 386 the Supplementary Material summarizes the particle size distribution for each sample. 387 388 the ones prepared using the model oil, SBO. In fact, although ALA is water insoluble, it 395 has a polar head in its structure which provides enhanced compatibility through 396 reorganization of the lipid molecules to expose their carboxyl groups to the water 397 interface, fact which can contribute to increased stability of the emulsions and decreased 398 22 droplet size. Also, the extent of protein unfolding at the interface is usually larger for 399 more non-polar oils (McClements, 2004) , so the flocculation of the emulsions prepared 400 with the globular proteins might have been prevented. As a result, the six emulsions 401 yielded ALA-loaded microencapsulation structures through electrospraying. 402
In general, the ultrasonicated emulsions led to smaller particle size distributions, with 403 the exception of WPC, where little differences in the particle diameters were observed. 404
This can be attributed to the increase in surface tension and electrical conductivity 405 Regarding the microencapsulation structures, differences in their characteristic bands 431
were observed in comparison with the as-received proteins. Table 2 shows a summary 432 of the wavenumbers at which each of these characteristic bands were found, and the 433 complete spectra are provided as supplementary data (cf. Figure S4 The presence of the -3 fatty acid in the electrosprayed encapsulation microstructures 473 was evidenced by the existence of its characteristic absorption band at 3013 cm -1 in 474 these samples. However, this peak was not detected for any of the spray-dried materials, 475
suggesting that the bioactive compound was completely degraded during processing 476 through the latter technique, due to the high temperatures required for the production of 477 the encapsulation structures in this case. As the aforementioned band is related to the 478 presence of cis-alkene groups in the samples, its disappearance implies that these double 479 bonds were no longer present in the samples, i.e. they had been oxidized. Therefore and using the Amide II band of each protein as a reference. The MEE of the ALA-501 loaded particles was then calculated using Eq. (2) and the results are summarized in 502 Table 3 . 503 The best results were achieved when either SPI or WPC were used as wall matrices and 523 the first and simplest emulsification approach was employed, both samples belonging to 524 the same statistical group (cf . Table 3 ). Remarkably, those two emulsions were the most 525 unstable when SBO was used as a model oil, even leading to bridging flocculation. 526
However, the differences in the model oil and the bioactive oil structures might have led 527 to improved stability of the latter, as commented above. 528 529
Thermogravimetric analysis of the materials 530
Thermogravimetric analysis of the raw proteins and the free ALA, as well as the 531 unloaded and ALA-loaded electrosprayed particles, was conducted in oxidative 532 conditions at 10ºC/min in order to assess potential thermostability changes of the 533 bioactive ingredient upon microencapsulation. A physical mixture of the unloaded 534 electrosprayed materials and ALA (10% w/w) was also analysed. The main degradation stage (major weight loss) for free ALA had its temperature of 541 maximum degradation rate (T max ) at 228 ºC. In contrast, the main degradation stage for 542 the three proteins took place in the range of 250-400ºC for all the materials. Thus, the 543 degradation of both components could be distinguished in the physical mixtures. For 544 instance, a small peak at T max =219 ºC was observed for SPI and a small shoulder at 545 T max =215 ºC for WPC, which were both attributed to the presence of ALA, as they were 546 not present in the unloaded electrosprayed proteins alone. The decrease in the thermal 547 stability of ALA in these mixtures could be attributed to its increased exposed surface 548 when physically absorbed on the proteins. For gelatin, its physical mixture with the fatty 549 acid exhibited a small weight loss well below the T max of the free bioactive, which was 550 absent in the neat electrosprayed gelatin, and hence was similarly attributed to the 551 degradation of free ALA absorbed on the gelatin surface. The exceptional decrease in 552 stability in this case could be motivated by the presence of residual acetic acid in the 553 capsules. 554
The DTG curves of the ALA-loaded encapsulation structures showed similar 555 degradation profiles to those of the unloaded particles. Both exhibited slight changes in 556 the degradation profile of the main stage when compared to the as-received proteins. As 557 previously reported for gelatin (Gómez-Mascaraque et al., 2015), the T max of the main 558 degradation stage of the three protein systems increased upon electrospraying, although 559 the onset temperature decreased (i.e. the degradation started at lower temperatures). 560 The peak of interest was not detected in any of the gelatin samples after only 3 hours of 591 thermal treatment, emphasizing that not only this matrix did not protect ALA from 592 thermal oxidation, but it also accelerated its degradation, most probably due to the 593 presence of residual acetic acid in the capsules. 594
Regarding the globular proteins, the degradation of ALA within the WPC matrices did 595 not show significant differences with that of free ALA during the first 3 h, although the 596 stability of the encapsulated fatty acid was significantly improved during the following 597 days. This fast, initial degradation could be attributed to the fraction of the bioactive 598 allocated on the surface or very close to the surface of the particles. 599 A similar degradation profile was found for ALA-loaded SPI capsules. However, in this 600 case during the first hours of high temperature exposure, a greater extent of degradation 601 was observed in comparison with that of free ALA. This might be attributed to the 602 increased specific area of the ALA domains located on the surface of the particles. 603
Compared to free ALA in bulk, whose specific area exposed to air was low, the 604
